Organic chemistry is the chemical discipline that many secondary school students find abstract and difficult. As a result, they learn organic chemistry concepts in a "rote" way. Therefore, the first goal of this study was to examine whether the systemic approach, that implies the application of systemic synthesis questions, [SSynQs] 
Introduction
Many studies dedicated to teaching and learning chemistry have emphasized that students at the secondary level consider chemistry as an abstract and difficult subject for learning and understanding (Nieswandt, 2001; Sirhan, 2007) . Conducting the research in Serbia, Brković et al. (1998) found that secondary school students are the least motivated to learn chemistry, considering 14 different subjects. Low motivation was followed by students' self-evaluation of the lowest efficiency in chemistry class.
Chemical discipline, which has attracted the attention of many educators and researchers, is organic chemistry. Students often have negative attitude towards organic chemistry, as they do not possess skills and abilities which are needed for learning and understanding organic chemistry concepts -ability to think about abstract concepts, three-dimensional and analytical thinking (Carpenter & McMillan, 2003; Mahajan & Singh, 2005) . Paulson (1999) has stated that such problem could be effectively solved by applying new instructional methods. Although there is interest for implementation of new methods in organic chemistry teaching and learning process, many chemistry teachers are still relying on traditional approach and frontal teaching (Zoller & Pushkin, 2007) . Overwhelming amount of material in textbooks and teachers' concern that they would not cover all the curricula contents, could be considered as the most common reason for that. In addition, some teachers are afraid of losing control of the classroom, if they apply some new instructional method (Paulson, 1999) .
Nevertheless, literature presents articles describing instructional methods which have been evaluated as more effective than traditional organic chemistry classes. After active and cooperative learning strategy (Paulson, 1999) and peer-led team learning approach (Tien et al., 2002) , Fahmy and Lagowski (2003) have introduced and evaluated systemic approach as a new instructional method which could improve students' meaningful learning and understanding.
Theoretical background

Systemic approach to teaching and learning chemistry
Relying on Ausubels' (2000) constructivist theory of learning and meaningful learning, Fahmy and Lagowski (2003) have designed, implemented and evaluated a systemic approach to teaching and learning chemistry. The central construct of the systemic approach is the concept of "system" which generally refers to a complex whole of the interconnected parts or components (Vachliotis et al., 2014) . Mentioned characteristics of the system were observed in developing new instructional tools within a systemic approach -so called systemic diagrams or systemics. Fahmy and Lagowski (2003) have presented systemic diagrams defining them as an arrangement of concepts through interacting system in which all relations between concepts are clearly stated. Through the process of constructing systemic diagrams, these two authors have followed the main features of concept maps. Systemic diagrams and concept maps, as ontological models of knowledge representation, have the same structure elements: concepts closed in boxes or circles and lines which show how the concepts are interconnected. Additionally, these ontological models enhance meaningful learning and understanding. Ausubel (2000) described meaningful learning as process of acquiring new information which is related with appropriate aspect of student's cognitive structure. Student actively participates in that process, trying to form a bound between new concepts and those previously acquired. Furthermore, the main difference between systemic diagrams and concept maps should be mentioned. While concept maps have static, hierarchical arrangement of concepts, systemic diagrams present more or less dynamic, closed systems (Fahmy & Lagowski, 2003) . According to this, the application of systemic diagrams in educational process requires transformation of teaching material from linear arrangement (Figure 1 .a) to the arrangement of closed cluster (Figure 1.b) (Fahmy, 2014) . In the literature, systemic diagrams have been introduced as instructional tools used for visual representation of all relevant concepts within specific teaching unit. Efficiency of systemic diagrams as instructional tools has been compared to traditional teaching method, considering one variable: the students' achievement. The results of empirical studies which were conducted on primary (Al-bashaireh, 2011; Hrin et al., 2014) , secondary (Fahmy & Lagowski, 2002 and tertiary educational levels (Fahmy & Lagowski, 2002; Golemi et al., 2014) , emphasized the fact that students who were taught by applying systemic diagrams in chemistry classes achieved higher scores on final testing than students taught by traditional method.
Few years later after systemic diagrams have been presented and evaluated Fahmy and Lagowski (2004) introduced systemic questions at the European conference on research in chemical education in Istanbul. Systemic questions were presented as new assessment schemas within systemic approach. The main differences between systemic questions and systemic diagrams, as their precursors, are in the number of concepts included in their structures, as well as in their application (Hrin et al., 2015a) . As indicated previously, systemic diagrams have been constructed as instructional tools, and as such, they possess relatively large number of concepts. On the other hand, systemic questions include less number of concepts, as they are originally designed for evaluation of students' meaningful understanding (Fahmy & Lagowski, 2012) , after thez become familiar with specific teaching material.
The empirical findings emphasized that systemic questions could be characterized as effective, valid and reliable tools for assessing students' meaningful understanding (Hrin et al., 2015a; Vachliotis et al., 2011 Vachliotis et al., , 2014 and systems thinking (Vachliotis et al., 2014) in organic chemistry domain. The latest study within systemic approach has considered the application of systemic questions as instructional tools, including one additional variable -students' cognitive load (Hrin et al., 2015b) . The main results of this study indicated that systemic synthesis questions [SSynQs] -a specific form of systemic questions, besides on students' achievement, could also have positive impact on students' cognitive load.
Cognitive load theory
The cognitive load theory (CLT) is a psychological theory which considers psychological construct formed in human brain, resulting from a specific instruction (Moreno & Park, 2010) . Within CLT the two main constructs are cognitive load (the theory was named after this term) and learning. Thereby, CTL was developed with the aim to explain the effect of instructional design on these two constructs (Moreno & Park, 2010) .
Cognitive load is a multidimensional construct, which presents the load that learning a new content or solving a particular task imposes on the individual cognitive system (cited in Paas et al., 2003) . As such, cognitive load has a measurable dimension which includes three measurable concepts: mental load, mental effort, and the student's achievement which could be measured by the number of correct answers, number of errors or by the time spent on a task. Additionally, mental load is imposed by task requirements, while mental effort represents the amount of controlled cognitive processing depending on the student's characteristics (cognitive capabilities, cognitive style, and prior knowledge), instructional method characteristics, and task characteristics (task structure, task novelty, element interactivity) (cited in Paas et al., 2003) . According to this, measuring of mental effort reveals many important information about cognitive load.
Within CLT researchers have provided several methods or procedures for mental effort measurement, which could be classified as objective and subjective methods. The objective methods are based on direct physiological measures and include the technique of functional magnetic resonance imaging (fMRI -measuring of brain activity), method of galvanic skin response (GSR) (Brünken et al., 2010) , eye-tracking technique, and cardiovascular indicators (Whalen, 2007) . However, mentioned techniques often require sophisticated equipment, and as such, they are not convenient for classical teaching and learning environments (Brünken et al., 2010) . Considering that these facts, many researchers have chosen to apply subjective techniques, which are based on the assumption that individuals can estimate their own cognitive processes and rate the amount of perceived mental effort in a specific situation (Brünken et al., 2010) . The most commonly used subjective techniques for assessing invested mental effort are seven and nine point self-rating Likert scales (Brünken et al., 2010; Kalyuga, 2009) . As the most obvious benefit of such scales, Brünken et al. (2010) emphasized their simplicity, while Kalyuga (2009) stated their nonintrusive nature and cost and time effectiveness.
Research Methodology
Research goal
According to the literature review, the aim of this study was set up to examine the impact of [SSynQs] as new instructional tools on secondary school students' achievement and mental effort. In order to investigate if application of [SSynQs] , could advance acquisition of organic chemistry knowledge with an investment of optimal levels of mental effort, in relation to traditional method, the following two main research questions were defined:
1 
Research sample
The present study took place in one urban high school located in Novi Sad, Serbia. Four third-grade classes of 119 students, who were 17-18 years old, participated in the study. For the purpose of study intervention, students were divided into two groups -one experimental (treated by applying [SSynQs] ) and one control group (treated by applying traditional approach). On the basis of final average chemistry grade achieved at the end of previous school years (first and second grades), the groups were equalized before the research was conducted. Since the data were not normally distributed (Shapiro-Wilk test; experimental group: W=0.830, p=0.000, p<0.05; control group: W=0.792, p=0.000, p<0.05), the Mann-Whitney test was applied for comparing the medians of the experimental and control groups. The obtained results confirmed that there was no significant difference between the experimental and control groups, since for U=1675.00, p-value was greater than 0.05 (p=0.653). Thus, the experimental group consisted of 65 students and the control group consisted of 54 students.
Research design
The intervention was conducted during second semester of the 2012/2013 school year, and it contained two main phases. During the first phase, the students from both experimental and control groups were processing new teaching material ("Alcohols, phenols and ethers") by applying traditional approach on classes. During that phase, all students were treated equally.
The Second phase was dedicated to the revision of selected teaching units, which were presented by the teacher during the first phase. Namely, the students revised the following: preparation principles of alcohols, chemical properties of alcohols, chemical properties of phenols, preparation principles of ethers and chemical properties of ethers. However, while the control group continued with traditional classes during second phase (they were solving conventional, linear questions), the experimental group was subjected to experimental teaching by applying [SSynQs] . Authors of this paper prepared learning sheets which contained set of unfilled and partially filled [SSynQs] . Example of one [SSynQs] with four fields is provided in the Figure 2 . The task was defined as follows: "In the fields B and C write the structures and names of the compounds which can be obtained by dehydration of the compound A, 3-methyl-2-butanol. Additionally, in the field D, write the structure and the the name of the compound which can be obtained by the Lucas test on 3-methyl-2-butanol in the presence of zinc(II)-chloride and concentrated hydrochloric acid. " While the students were completing learning sheets, the teacher used Power Point presentation so that all students could see the correct answer at the end. 
Research instruments
The research instruments in this study included a test of knowledge for measuring achievement and Likert scale for measuring invested mental effort. Frisbie (1988) indicates a good reliability of this test. b) Likert scale. In order to evaluate the students' mental effort during solving test questions, the seven-point Likert scale with descriptors: extremely easy (1), very easy (2), easy (3), neither easy nor difficult (4), difficult (5), very difficult (6) and extremely difficult (7), was presented after each task. This instrument was prepared in accordance with Kalyuga et al. (2000) and evaluated by calculation of Cronbach's alpha coefficient (α=0.81), which indicated a very good reliability of this instrument. The obtained results were analyzed by using IBM SPSS Statistics 19 software program.
Results and Discussion
Analysis of the students' achievement
The first task of this study was to examine the effectiveness of the systemic approach by applying [SSynQs] in the educational process in terms of improving the secondary school students' achievement in organic chemistry domain. In order to determine whether there was a statistically significant difference in students' achievement in [LQs] and [SSynQs] between the experimental and control groups, the t-test was applied. The t-test results (Table 1) showed that there was a significant difference in the students' achievement between the two groups, in a favor of the experimental group in both [LQs] (t=5.21 for df=89 and t c =1.99; p=0.000, p<0.05) and [SSynQs] (t=4.36 for df=89 and t c =1.99; p=0.000, p<0.05). The following results (Table 1) confirmed that the students who were learning with [SSynQs] showed significantly better learning achievement that those who were taught by traditional method, when we examined students' achievement in conventional, linear questions, [LQs] , and systemically oriented questions, [SSynQs] . These findings were in accordance with studies in which systemic diagrams (Fahmy & Lagowski, 2002 Golemi et al., 2014; Hrin et al., 2014) and [SSynQs] (Hrin et al., 2015a (Hrin et al., , 2015b were evaluated in chemistry educational process as effective instructional tools.
Additionally, it was important to analyze if students from the experimental and control groups had approximately the same achievement in conventional, linear questions, [LQs] , and systemically oriented questions, [SSynQs] . At the beginning, it should be noted that the students from experimental group achieved mean scores which were higher than 50 % in both types of questions. According to Fahmy and Lagowski (2003) this is the first indicator of students' success in final testing. On the other hand, the students from control group achieved such success only in [LQs] . However, the results of t-test (Table 2 ) confirmed a significant difference in the students' achievement in [LQs] and [SSynQs] in both the experimental group (t=5.49 for df=100 and t c =1.98; p=0.000, p<0.05) and the control group (t=4.08 for df=78 and t c =1.99; p=0.000, p<0.05). Observing the mean values for the students' achievement in [LQs] and [SSynQs] (Table 2) , it was noted that students from both groups achieved better scores on conventional, linear questions, [LQs] , than on systemically oriented questions, [SSynQs] . In order to explain these results, we have connected our findings with Francisco et al. (2002) findings on students' achievement in concept maps chemistry problems. These authors (Francisco et al., 2002) stated that students need to organize their knowledge structure in appropriate way in order to successfully solve such problems. Respectively, [SSynQs] could be successfully solved only if students have fully constructed meaningful understanding of concept. Systemically oriented questions have been previously characterized as valid and reliable tools for assessing students' meaningful understanding (Hrin et al., 2015a; Vachliotis et al., 2011 Vachliotis et al., , 2014 , so it is understandable that students find it more difficult to solve [SSynQs] than [LQs] which could be often solved by applying rote learning (Hrin et al., 2015a; Vachliotis et al., 2011 Vachliotis et al., , 2014 . 
Analysis of students' mental effort
The second research question focused on differences in levels of invested mental effort between the experimental and control groups, which were reported during solving [LQs] and [SSynQs] . The parameters from Table 3 have showed that the experimental group students reported mean mental effort scores 4.06 and the control group students 4.51, while solving [LQs] . Additionally, during solving [SSynQs] the experimental group students reported mean mental effort scores 4.59 and control group 5.91.
In order to estimate if such differences are statistically significant, the collected data were subjected to the t-test. The t-test results (Table 3) showed a significant difference in mental effort ratings of the two groups, in both [LQs] (t=-2.83 for df=89 and t c =-1.99; p=0.006, p<0.05) and [SSynQs] (t=-6.57 for df=89 and t c =-1.99; p=0.006, p<0.05), in favor of the experimental group students, who reported lower levels of mental effort than the control group students. Paas and van Merriënboer (1994) also noted the fact that the traditional instructional method, in which conventional problems are emphasized, imposes high mental effort on students, as they use a weak problem solving method (means-ends analysis) during solving conventional problems (Kirschner, 2002) . On the other hand, systemic instructional approach was able to reduce students' mental effort, as a result of learning with [SSynQs] . Such findings had been previously reported in the paper by Hrin et al. (2015b) , processing another organic chemistry topic: "Hydrocarbons and halogen derivatives of hydrocarbons". After it had been found that the experimental group reported lower levels of mental effort than the control group during solving the final test questions, it was important to verify if there was significant difference in the students' mental effort between examined types of test questions. Results of t-test (Table 4 ) confirmed a significant difference in students' mental effort in [LQs] and [SSynQs] observing both experimental (t=-3.31 for df=100 and t c =1.98; p=0.001, p<0.05) and control group (t=-6.84 for df=78 and t c =1.99; p=0.000, p<0.05). The experimental group students considered that the process of solving [LQs] was "neither easy nor difficult" (the value 4 on the seven-point Likert scale), on the other hand process of solving [SSynQs] was characterized as "difficult" (the value 5 on the seven-point Likert scale). Additionally, the process of solving [LQs] was characterized as "difficult" by control group students, who reported mean mental effort score around 6 (the value for "very difficult" on the seven-point Likert scale) during solving [SSynQs] . It could be observed that the process of solving systemically oriented questions has imposed higher levels of mental effort on both groups of students, than the process of solving conventional, linear questions. However, Kirschner (2002) noted that completion problems increase a specific type of cognitive load -a germane cognitive load, which is important for cognitive schema construction (integration of elements of information). According to this, it could be said that solving [SSynQs] encourages students to engage in cognitive processing that is directly relevant to a schema construction. 
Conclusions and Implications
The main goal of this paper was to analyze the impact of two different instructional methods on secondary school students' achievement and mental effort (self-reported cognitive load) in organic chemistry domain ("Alcohols, phenols and ethers"). Henceforth, we have included new instructional tools, [SSynQs] (experimental group), and compared their efficiency with traditional instructional method (control group) in which conventional, linear questions, [LQs] , were applied.
By observing the students' achievement, the results of this study have indicated that the students from experimental group managed to achieve better scores in solving both types of test questions, [LQs] and [SSynQs] , than the students from the control group. Similar results were obtained in the section of analyzing students' mental effort, where the students from the experimental group reported lower levels of mental effort than the students from the control group, while solving both types of questions. Based on this, it could be concluded that systemic approach was effective in helping the experimental group students to link new learning experience (selected organic chemistry topic: "Alcohols, phenols and ethers") with their previous knowledge (alkanes, cycloalkanes, alkenes, dienes, alkynes, aromatic hydrocarbons, and alkyl and aryl halides) in an organized manner -a complex cognitive schema structure. Or, it could be said that [SSynQs] have positively affected the balance between the experimental group students' mental effort and achievement. These findings seem to confirm the instructional effect of [SSynQs] previously addressed by Hrin et al. (2015a Hrin et al. ( , 2015b .
However, in the literature there are no papers which indicate that students from the same group could solve [SSynQs] with similar efficiency as conventional [LQs] . In this study, it was found that secondary school students seem to be more effective in solving conventional problems than systemically oriented problems. These results were further confirmed by the levels of invested mental effort. Again, students reported lower levels of invested mental effort during solving [LQs] than during solving [SSynQs] . Nevertheless, effective solving of [SSynQs], unlike [LQs] , requires additional complex cognitive competencies (ability to quickly switch to appropriate topic, ability to move from known to unknown and to make connections between them) and creating sophisticated cognitive schema. Such requirements, while decreasing external cognitive load, also increase a germane cognitive load through the completion problems effect, which is well known within the cognitive load theory (CLT) (see Paas et al., 2003) .
Taking into consideration the conclusions reached from this study, the main direction of our future research will be to examine how inclusion of additional variability effect within CLT influences students' ability to solve [SSynQs] . Apart from that, further consideration of students' mental effort during learning with [SSynQs] , would be very important in our attention to relate systemic approach and CLT more closely.
